is generally held that protanopes and deuteranopes see only regions of blues and yellows in the visible spectrum, with an achromatic point, called the neutral point, separating these regions. Considerations of a zone model of color vision for the dichromatic observer led us to predict that a reduced form of red/green discrimination would allow equilibrium blue judgements to be made by protanopes. We show that protanopes can make equilibrium blue determinations with as much reliability as they make neutral point settings. Our results indicate that protanopes but not deuteranopes are able to rely on a reduced form of red/green discrimination in the short wavelength part of the spectrum. Protanopes describe wavelengths longer than the neutral point as yellow. Between the neutral point and equilibrium blue, Merent wavelengths are described as having varying aspects of blue and green; and short of equilibrium blue they appear reddish blue. For deuteranopes, the spectrum longer than the neutral point appears yellow, and short of it, blue. The results of our experiments showing that the protanopic equilibrium blue is invariant with intensity variations, as it is in the trichromat, add support to the idea of a reduced form of red/green discrimination for protanopes. Our results also allow the evaluation of various models of protanopia.
Protanopes and deuteranopes are believed to be incapable of making fovea1 small-field, red versus green judgements. Indeed, these individual8 are conventionally called "red-green blind dichromats," and color appearance for them is assumed to vary only along a dimension analogous to what is the yellow versus blue axis for the normal trichromatic observer (Dalton, 1798; Judd, 1948; Jameson and Hurvich, 1955) . That this need not necessarily be so can be appreciated by considering the model shown in Fig.  1 . In order to make clear the distinctions among the different cone pigments, the different cone types and their associated neural connections, and the perceptual qualities of redness and greenness, we use the following separate designations. The short wavelength absorbing pigment (a) normally resides in the S cones, the middle wavelength absorbing pigment (B) in the M cones, and the long wavelength absorbing pigment (y) in the L cones. In our model redness (R) is coded by combining the L and S cone responses, and this is pitted against the M cone response which codes greenness (G). On the basis of color matching data (Maxwell, 1855; Pitt, 1944; Wright, 1946) and densitometric measurements (Rushton, 1963 (Rushton, , 1965 Alpem and Wake, 1977) , it is generally acknowledged that dichromats lack one of the three pigments present in the trichromatic fovea. This is further supported by recent evidence showing that protanopia and deuteranopia can each be identified with distinct alterations in the genes encoding the y and /3 pigments (Nathans et al., 1986) . What remains controversial is the exact nature of the neural connections which form the basis of color coding in the dichromatic eye. To begin, consider the simple model for protanopia outlined in Fig. 1 . If protanopes lack the L-cone system, including the y pigment and the neural connections made by the L cones, but all else remains as for the trichromat, then we can make a prediction that red versus green opponency should be preserved in the short wavelength part of the spectrum. Furthermore, protanopes should be able to make judgements of quilibrium blue, a color which is uniquely blue in the sense that it is neither reddish nor greenish. On the other hand (as illustrated at the bottom of Fig. l) , for deuteranopes who lack the M cone system, since S cones as well as L cones
